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BACKGROUND  OF  THE  INVENTION 

F i e l d   of   t h e   i n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p o r o u s   h o l l o w  

f i b e r   w h i c h   i s   s u i t a b l e   f o r   s e p a r a t i o n   of   s u b s t a n c e s   c o n -  
t a i n e d   in   a  f l u i d ,   p a r t i c u l a r l y   w a t e r ,   f o r   t h e   p u r p o s e   o f  

p u r i f i c a t i o n   t h e r e o f .   More  p a r t i c u l a r l y ,   t h i s   i n v e n t i o n  

r e l a t e s   to  a  p o r o u s   h o l l o w   f i b e r   w h i c h   i s   p r o m i n e n t l y  

i m p r o v e d   in   h y d r o p h i l i c   n a t u r e   and  h a s   a  f u n c t i o n   of  f i l -  

t r a t i o n   in   a  w ide   r a n g e   s u c h   as  m i r c o - f i l t r a t i o n   a n d  

u l t r a f i l t r a t i o n   w i t h   s i m p l y   v a r y i n g   t h e   c o a t i n g   c o n d i -  

t i o n s   of   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

D e s c r i p t i o n   of  p r i o r   a r t s  

A  p o r o u s   h o l l o w   f i b e r   of   a  p o l y m e r   m a t e r i a l   i s   u s e d  

w i d e l y   as  a  d e v i c e   f o r   p r e c i s e   f i l t r a t i o n   and   u l t r a f i l -  

t r a t i o n   o f  v a r i o u s   s u b s t a n c e s .   For   e x a m p l e ,   i t   i s   u s e d  

in   t he   f i e l d   of  s e p a r a t i o n   and  p u r i f i c a t i o n   of   w a t e r   o r  

an  a q u e o u s   s o l u t i o n ,   or  in   t h e   c l i n i c a l   f i e l d .  

In  t he   c a s e   t h a t   the   p r e c i s e   f i l t r a t i o n   or  u l t r a -  

f i l t r a t i o n   of  w a t e r   or  an  a q u e o u s   s o l u t i o n   i s   p e r f o r m e d  

by  u s i n g   a  p o r o u s   h o l l o w   f i b e r   or  f i l m ,   t h e   p o r o u s   h o l l o w  

f i b e r   or  f i l m   n e e d s   to  h a v e   h y d r o p h i l i c   n a t u r e .   As  a  

p r o c e s s   of   p r o d u c i n g   a  p o r o u s   h o l l o w   f i b e r   or   p o r o u s   f i l m  

h a v i n g - t h e   h y d r o p h i l i c   n a t u r e ,   t h e r e   i s   known  a  p r o c e s s  
w h i c h   c o m p r i s e s   s t e p s   of   d i s s o l v i n g   a  p o l y m e r   m a t e r i a l   i n  

an  a p p r o p r i a t e   s o l v e n t   m i x t u r e   c o n t a i n i n g   a  v o l a t i l e   s o l -  

v e n t   and  a  s w e l l i n g   a g e n t   or  p o o r   s o l v e n t   to  p r e p a r e   a  

h o m o g e n e o u s   s o l u t i o n ,   c a s t i n g   the   s o l u t i o n   to  fo rm  a  



f i l m ,   t h e n   r e m o v i n g   t h e   v o l a t i l e   s o l v e n t   p a r t i a l l y   o r  

c o m p l e t e l y   t h r o u g h   e v a p o r a t i o n ,   f o l l o w e d   by  f u r t h e r  

r e m o v i n g   t h r o u g h   e x t r a c t i o n   t h e   r e m a i n i n g   n o n - s o l v e n t   o r  

s w e l l i n g   a g e n t   by  i m m e r s i n g   t h e   f i l m   in   a  s o l i d i f y i n g  

m e d i u m   to   f o rm  a  l a r g e   n u m b e r   of   m i c r o p o r e s   in   the   f i l m ,  

t h a t   i s   c a l l e d ,   a  p h a s e   t r a n s i t i o n   p r o c e s s .   A l s o   k n o w n  

i s   a  p r o c e s s   c o m p r i s i n g   s t e p s   of  p r e p a r i n g   a  p o r o u s   f i l m  

o f   a  p o l y m e r   m a t e r i a l   c o n t a i n i n g   a  s o l u b l e   m a t e r i a l   d i s -  

p e r s e d   t h e r e i n   and  t h e n   r e m o v i n g   s a i d   s o l u b l e   m a t e r i a l   b y  

d i s s o l v i n g   i t   w i t h   an  a p p r o p r i a t e   s o l v e n t   to  f o rm  a  l a r g e  

n u m b e r   o f   m i c r o p o r e s   in   t h e   f i l m .   The  a b o v e - d e s c r i b e d  

p r o c e s s e s   u t i l i z i n g   r e m o v i n g   t h e   s o l u b l e   m a t e r i a l   a r e  

r e f e r r e d   to   h e r e i n a f t e r   as  C o n v e n t i o n a l   P r o c e s s   1 .  

R e c e n t l y ,   an  a l t e r n a t i v e   p r o c e s s   u s i n g   a  h o l l o w   f i -  

b e r   o r   f i l m   of   a  t h e r m o p l a s t i c   r e s i n   s u c h   as  h i g h - d e n s i t y  

p o l y e t h y l e n e ,   p o l y p r o p y l e n e   and   p o l y ( 4 - m e t h y l p e n t e n e - 1 )  

h a s   b e e n   p r o p o s e d   and  now  i s   u s e d   in   p r a c t i c e .   In  t h i s  

p r o c e s s ,   t h e   h o l l o w   f i b e r   o r   f i l m   w h i c h   h a s   b e e n   spun   i s  

h e a t - t r e a t e d   and  t h e n   s u b j e c t e d   to  a  d r a w i n g   p r o c e s s   a t   a  

t e m p e r a t u r e   of   s p e c i f i c   r a n g e   a n d / o r   in   a  s p e c i f i c   m e d i u m  

to  f o r m   p o r e s   in   the   s u r r o u n d i n g   w a l l   o f   t he   f i b e r   or   i n  

t h e   f i l m .   The  p r o c e s s   i s   r e f e r r e d   to   h e r e i n a f t e r   as  C o n -  

v e n t i o n a l   P r o c e s s   2.  In  t h i s   p r o c e s s ,   a  p o r o u s   h o l l o w  

f i b e r   o r   f i l m   h a v i n g   e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s   c a n  

be  o b t a i n e d .  

H o w e v e r ,   t h e r e   a r e   d r a w b a c k s   in   t h e   a b o v e - m e n t i o n e d  

c o n v e n t i o n a l   p r o c e s s e s .   Fo r   i n s t a n c e ,   t h e   p r o c e s s   f o r  

p r e p a r i n g   a  h o l l o w   f i b e r   or   f i l m   h a v i n g   h y d r o p h i l i c  

n a t u r e   a c c o r d i n g   to   C o n v e n t i o n a l   P r o c e s s   1  r e q u i r e s   a  

c o m p l i c a t e d   p r o c e s s   as  d e s c r i b e d   h e r e i n b e f o r e ,   and  as  a  

r e s u l t   t h e   m a n u f a c t u r i n g   c o s t   b e c o m e s   h i g h .   On  the   o t h e r  

h a n d ,   s i n c e   t h e   p o r o u s   h o l l o w   f i b e r   o r   f i l m   p r e p a r e d   i n  

C o n v e n t i o n a l   P r o c e s s   2  i s   h y d r o p h o b i c ,   t h e   r e s u l t i n g  

f i b e r   o r   f i l m   n e e d s   to  be  s u b j e c t e d   to   a  s u p p l e m e n t a l  

p r o c e d u r e   f o r   p r o v i d i n g   t h r e t o   h y d r o p h i l i c   n a t u r e   by  t h e  



use   of  a l c o h o l   or  t he   l i k e   when  t h e   r e s u l t i n g   f i b e r   o r  

f i l m   is   to  be  u s e d   f o r   f i l t r a t i o n   of   w a t e r   or  an  a q u e o u s  

s o l u t i o n ,   and   f u r t h e r   n e e d s   to  be  k e p t   in   wet   s t a t e .   I n  

t h i s   p r o c e s s ,  a c c o r d i n g l y ,   i t   b e c o m e s   c o m p l i c a t e d   t o  

c o n t r o l   or   m a i n t a i n   t he   r e s u l t i n g   f i b e r   or   f i l m   u n d e r  

s a t i s f a c t o r y   c o n d i t i o n s .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t o r s   h a v e   s t u d i e d   to  i m p r o v e   t h e  

a b o v e - d e s c r i b e d   c o n v e n t i o n a l   p o r o u s   h o l l o w   f i b e r ,   a n d  

f o u n d   t h a t   a  p o r o u s   h o l l o w   f i b e r   h a v i n g   a  s a t i s f a c t o r y  

h y d r o p h i l i c   n a t u r e   f o r   f i l t r a t i o n   of  w a t e r   or  an  a q u e o u s  
s o l u t i o n   and  a  f u n c t i o n   of  f i l t r a t i o n   in   t he   w i d e   r a n g e  
s u c h   as  p r e c i s e   f i l t r a t i o n   and  u l t r a f i l t r a t i o n   can   b e  

o b t a i n e d   by  c o a t i n g   a  c o n v e n t i o n a l   h o l l o w   f i b e r   on  t h e  

s u r f a c e s   of   i t s   s u r r o u n d i n g   w a l l   h a v i n g   a  l a r g e   n u m b e r   o f  

m i c r o p o r e s ,   p a r t i c u l a r l y   on  t he   w a l l s   of   t he   m i c r o p o r e s ,  

w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

T h e r e   i s   p r o v i d e d   by  t he   p r e s e n t   i n v e n t i o n   a  p o r o u s  
h o l l o w   f i b e r   p r o v i d e d   w i t h   a  l a r g e   n u m b e r   of  m i c r o p o r e s  

in  t he   s u r r o u n d i n g   w a l l ,   c h a r a c t e r i z e d   in   t h a t   w a l l s   o f  

s a i d   p o r e s   a r e   c o a t e d   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

In  t he   p o r o u s   h o l l o w   f i b e r   of   t he   i n v e n t i o n ,   o u t e r  

and  i n n e r  s u r f a c e s   of   t he   s u r r o u n d i n g   w a l l   p r e f e r a b l y   a r e  

f u r t h e r   c o a t e d   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

In  t he   p o r o u s   h o l l o w   f i b e r   of   t he   i n v e n t i o n ,   a t  

l e a s t   one  of  o u t e r   and  i n n e r   s u r f a c e s   of   t he   s u r r o u n d i n g  

w a l l   may  be  c o a t e d   w i t h   a  n o n - p o r o u s   l a y e r   of  e t h y l e n e  

o x i d e - g r a f t e d   n y l o n .  

In  t he   p o r o u s   h o l l o w   f i b e r   of   t h e   i n v e n t i o n   t h e  

m i c r o p o r e s   in   the   s u r r o u n d i n g   w a l l   may  be  f i l l e d   up  w i t h  

e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

The  p o r o u s   h o l l o w   f i b e r   of   t he   i n v e n t i o n  w h i c h   i s  

c o a t e d   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   on  the   w a l l s   o f  



t h e   m i c r o p o r e s   in   t he   s u r r o u n d i n g   w a l l   h a s   a  s u f f i c i e n t  

h y d r o p h i l i c   n a t u r e   r e q u i r e d   f o r   f i l t r a t i o n   of   s u b s t a n c e s  

s u c h   as  w a t e r   and  a q u e o u s   s o l u t i o n .   F u r t h e r ,   t he   p o r o u s  

h o l l o w   f i b e r   of   t he   i n v e n t i o n   i s   a p p r o p r i a t e l y   e m p l o y a l b e  

f o r   a  w i d e   r a n g e   of   f i l t r a t i o n   and   s e p a r a t i o n   s u c h   a s  

p r e c i s e   f i l t r a t i o n   or   u l t r a f i l t r a t i o n   by  a p p r o p r i a t e l y  

a d j u s t i n g   or   v a r y i n g  t h e   c o a t i n g   c o n d i t i o n s   of   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n .   In   a d d i t i o n ,   i t   i s   p o s s i b l e   to  p r o -  

v i d e   s a t i s f a c t o r y   h y d r o p h i l i c   n a t u r e   to   t h e   p o r o u s   h o l l o w  

f i b e r   of   t he   i n v e n t i o n   t h r o u g h   a  s i m p l e   p r o c e d u r e ,   a s  

c o m p a r e d   w i t h   t he   c o n v e n t i o n a l   p r o c e s s   f o r   t he   p r e p a r a t i n  

of   a  p o r o u s   h o l l o w   f i b e r   h a v i n g   a  h y d r o p h i l i c   n a t u r e .  

F u r t h e r m o r e ,   t h e   p o r o u s   h o l l o w   f i b e r   of   t he   i n v e n t i o n   c a n  

be  f a v o r a b l y   e m p l o y e d   in   f i l t r a t i o n   of   s u b s t a n c e s   s u c h   a s  

w a t e r   w i t h o u t   b e i n g   i n   wet   s t a t e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   o f   a  p o r o u s   h o l l o w  

f i b e r   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

F i g .   2  i s   an  e n l a r g e d   v i e w   of   t h e   a r e a   ( m a r k e d   w i t h  

X  i n   F i g .   1)  on  t he   o u t e r   s u r f a c e   o f   t h e   s o r r o u n d i n g   w a l l  

o f   one   e x a m p l e   of   t he   p o r o u s   h o l l o w   f i b e r   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n .  

E a c h   of   F i g s .   3  and   4  i s   an  e n l a r g e d   v i e w - o f   t h e  

a r e a   ( m a r k e d   w i t h   X  in   F i g .   1)  on  t h e   o u t e r   s u r f a c e   o f  

t h e   s o r r o u n d i n g   w a l l   of   o t h e r   e x a m p l e   o f   t h e   p o r o u s  

h o l l o w   f i b e r   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p o r o u s   h o l l o w   f i b e r   of   t h e   i n v e n t i o n   w i l l   b e  

d e s c r i b e d   in   d e t a i l   b e l o w .  

T h e r e   i s   no  s p e c i f i c   l i m i t a t i o n   on  the   m a t e r i a l   o f  

t h e   p o r o u s   h o l l o w   f i b e r   of  t he   i n v e n t i o n   h a v i n g   a  l a r g e  



n u m b e r   of  m i c r o p o r e s   in   i t s   s u r r o u n d i n g   w a l l .   E x a m p l e s  

of  t h e   m a t e r i a l s   i n c l u d e   p o l y m e r   m a t e r i a l s   s u c h   as  p o l y -  

o l e f i n s   ( e . g . ,   h i g h - d e n s i t y   p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,  

and  p o l y ( 4 - m e t h y l p e n t e n e - 1 ) ) ,   f l u o r i n e - c o n t a i n i n g   p o l y m e r  

c o m p o u n d s ,   p o l y s u l f o n e ,   p o l y c a r b o n a t e   or   p o l y v i n y l   c h l o -  

r i d e ;   and  i n o r g a n i c   m a t e r i a l s   s u c h   as  g l a s s ,   c e r a m i c s   a n d  

c a r b o n a c e o u s   m a t e r i a l .   L i k e w i s e ,   t h e r e   i s   no  s p e c i f i c  

l i m i t a t i o n   on  t he   o u t e r   d i a m e t e r   o f  t h e   p o r o u s   h o l l o w   f i -  

b e r ,   t he   t h i c k n e s s   of  the   s u r r o u n d i n g   w a l l ,   and  t he   p o r e  

s i z e   of  t h e   m i c r o p o r e s   in   t he   s u r r o u n d i n g   w a l l .   G e n e r a l -  

l y ,   t he   o u t e r   d i a m e t e r   of  t he   f i b e r   i s   in   t h e   r a n g e   of  1 0  

-  1 , 0 0 0   µm,  t he   t h i c k n e s s   of   t he   s u r r o u n d i n g   w a l l   i s   i n  

t he   r a n g e   of   1 0  -   500  um,  and   t h e   p o r e   s i z e   of   m i c r o p o r e s  

i s   in   t he   r a n g e   of   0 . 0 1  -   50  um.  

E t h y l e n e   o x i d e - g r a f t e d   n y l o n   e m p l o y a b l e   in   t h e  

i n v e n t i o n   can   be  o b t a i n e d   by  g r a f t   p o l y m e r i z a t i o n   o f  

n y l o n   w i t h   e t h y l e n e   o x i d e   in   t h e   a b s e n c e   or   in   t he   p r e -  

s e n c e   of  c a t a l y s t   s u c h   as  a l k a l i n e   c a t a l y s t .  

In  t h e   i n v e n t i o n ,   t he   g r a f t   r a t i o   of   e t h y l e n e   o x i d e -  

g r a f t e d   n y l o n   means   the   m o l a r   a m o u n t   of   e t h y l e n e   o x i d e  

p e r   1  mo l .   of   n y l o n   c o n t a i n e d   in   t he   e t h y l e n e   o x i d e -  

g r a f t e d   n y l o n ,   w h i c h   i s   d e t e r m i n e d   on  the   NMR  s p e c t r u m .  

T h a t   i s ,   t he   g r a f t   r a t i o   i s   e x p r e s s e d   by  a  r a t i o   ( S E / S N )  

in  w h i c h   SN  i s   a  p e a k   a r e a   in   t he   v i c i n i t y   of   2 . 7   ppm  o f  

the   NMR  s p e c t r u m   c o r r e s p o n d i n g   to  (CO-CH2)  of   t he   n y l o n  

c o m p o n e n t   and  SE  i s   a  p e a k   a r e a   in   t he   v i c i n i t y   of   4 . 0  

ppm  of  t he   NMR  s p e c t r u m   c o r r e s p o n d i n g   to  ( C H 2 C H 2 O ) n  o f  

t he   e t h y l e n e   o x i d e   c o m p o n e n t ,   in   w h i c h  n   i s   an  i n t e g e r  

w i t h i n   t h e   r a n g e   of  g e n e r a l l y   1  -   10,   p r e f e r a b l y   3  -   6 .  

From  t h e   v i e w p o i n t s   of  h y d r o p h i l i c   n a t u r e   and  h e a t  

r e s i s t a n c e   of   t h e   r e s u l t i n g   p o r o u s   h o l l o w   f i b e r   c o a t e d  

w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n ,   t h e   e t h y l e n e   o x i d e -  

g r a f t e d   n y l o n   to  be  e m p l o y e d   in   t h e   i n v e n t i o n   g e n e r a l l y  

h a s   t he   g r a f t   r a t i o   in   the   r a n g e   of  1  to   10,  p r e f e r a b l y   3 

to  6 .  



E x a m p l e s   of   t h e   n y l o n   c o m p o n e n t s   e m p l o y a b l e   f o r   t h e  

p r e p a r a t i o n   of   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   i n c l u d e   n y l o n  

6,  n y l o n   66,   n y l o n   12,   n y l o n   610 ,   n y l o n   11,  n y l o n   6T  a n d  

a r o m a t i c   p o l y a m i d e .   Among  t h o s e   n y l o n   c o m p o n e n t s ,   p r e -  
f e r r e d   a r e   n y l o n   6,  n y l o n   66  and  n y l o n   12,  f r om  t he   v a r i -  

ous   v i e w p o i n t s .   Fo r   i n s t a n c e ,   t h e y   show  s a t i s f a c t o r y  

g r a f t   r e a c t i o n   w i t h   e t h y l e n e   o x i d e   a c c o m p a n i e d   by  a  r e l a -  

t i v e l y   weak   s i d e   r e a c t i o n ,   t h e y   c an   be  e a s i l y   p u r i f i e d ,  

and  a  v a r i e t y   of   s o l v e n t s   a r e   e m p l o y a b l e   f o r   d i s s o l v i n g  

t h e   r e s u l t i n g   p o l y m e r .   In  a d d i t i o n ,   t h e y   show  r e l a t i v e l y  

s a t i s f a c t o r y   s o l u b i l i t y   and   c an   f o r m   a  p o l y m e r   h a v i n g   a  

m e l t i n g   p o i n t   of   n o t   too   low  l e v e l .  

The  p o r o u s   h o l l o w   f i b e r   o f   t h e   i n v e n t i o n   can  be  p r e -  

p a r e d   by  t h e   f o l l o w i n g   p r o c e s s .  

In  t h e   f i r s t   p l a c e ,   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   i s  

d i s s o l v e d   in   a  s o l v e n t   s u c h   as  s u l f u r i c   a c i d ,   a  m i x t u r e  

of   a l c o h o l   and   s u l f u r i c   a c i d ,   f o r m i c   a c i d ,   a  m i x t u r e   o f  

a l c o h o l   and  f o r m i c   a c i d ,   e t h y l   a l c o h o l   c o n t a i n i n g  c a l c i u m  

c h l o r i d e ,   to   p r e p a r e   a  s o l u t i o n   c o n t a i n i n g   t h e   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n .   S u b s e q u e n t l y ,   in   t h e   s o l u t i o n   i s  

d i p p e d   a  p o r o u s   h o l l o w   f i b e r   to   be  s u f f i c i e n t l y   b r o u g h t  

i n t o   c o n t a c t   w i t h   t h e   s o l u t i o n   e v e n   t h e   w a l l s   of   t h e  

m i c r o p o r e s   i n   t h e   s u r r o u n d i n g   w a l l   of   t h e   f i b e r .  

In  t h e   s e c o n d   p l a c e ,   t h e   e t h y l e n e   o x i d e - g r a f t e d  

n y l o n   i s   s e p a r a t e d   o u t   of   t h e   s o l u t i o n   to   be  d e p o s i t e d   o n  

t h e   p o r o u s   h o l l o w   f i b e r   by  a d d i t i o n   of  w a t e r   to  t he   s o l u -  

t i o n .   The  f i b e r   i s   t h e n   w a s h e d   s u f f i c i e n t l y   w i t h   w a t e r  

to  p r e p a r e   a  p o r o u s   h o l l o w   f i b e r   o f   t he   i n v e n t i o n .  

In  t he   p r e p a r a t i o n   o f   a  p o r o u s   h o l l o w   f i b e r   of   t h e  

i n v e n t i o n ,   v a r i o u s   c o n d i t i o n s   s u c h   as  c o n c e n t r a t i o n   o f   a  

s o l u t i o n   of   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   and   c o n c e n t r a -  

t i o n   g r a d i e n t   of   t h e   s o l u t i o n   w i t h i n   t h e   m i c r o p o r e s   i n  

t he   s u r r o u n d i n g   w a l l   a r e   a p p r o p r i a t e l y   s e l e c t e d   so  as  t o  

p r e p a r e   a  p o r o u s   h o l l o w   f i b e r   c o a t e d   orr  t he   w a l l s   of   t h e  

m i c r o p o r e s   w i t h   an  e x t r e m e l y   t h i n   l a y e r   of   e t h y l e n e  



o x i d e - g r a f t e d   n y l o n  .   The  c o n c e n t r a t i o n   g r a d i e n t   of   t h e  

e t h y l e n e   o x i d e - g r a f t e d   n y l o n   s o l u t i o n   c an   be  f o r m e d ,   f o r  

i n s t a n c e ,   by  a  p r o c e d u r e   of   d i p p i n g   t h e   f i b e r   a t   l e a s t  

t w i c e   in  t he   s o l u t i o n s   h a v i n g   d i f f e r e n t   c o n c e n t r a t i o n s .  

In  o r d e r   to  o b t a i n   a  d e s i r e d   p o r o u s   h o l l o w   f i b e r   h a v i n g  

t h e   a b o v e - m e n t i o n e d   s t r u c t u r e ,   t h e r e   may  be  p e r f o r m e d   a t  

p l u r a l   t i m e s   t he   a f o r e m e n t i o n e d   p r o c e s s   c o m p r i s i n g   s t e p s  

of   d i p p i n g   the   f i b e r   in  t he   s o l u t i o n ,   s e p a r a t i n g   o u t  

e t h y l e n e   o x i d e - g r a f t e d   n y l o n   f r o m   t h e   s o l u t i o n ,   w a s h i n g  

the   f i b e r   w i t h   w a t e r ,   and  d r y i n g   t h e   f i b e r .   By  a p p r o p r i -  

a t e l y   s e l e c t i n g   the   a b o v e - m e n t i o n e d   c o n d i t i o n s   and  p r o -  

c e s s i n g   p e r i o d s ,   t h e r e   can  be  o b t a i n e d   a  v a r i e t y   of   p o r -  

ous  h o l l o w   f i b e r s   s u c h   as  a  f i b e r   h a v i n g   a l m o s t   t he   s a m e  

i n n e r   d i a m e t e r   as  t he   i n i t i a l   d i a m e t e r ,   a  f i b e r   h a v i n g   a  

n o n - p o r o u s   l a y e r   on  a t   l e a s t   one  of   t h e   o u t e r   and  i n n e r  

s u r f a c e s   of  t he   s u r r o u n d i n g   w a l l ,   or   a  f i b e r   h a v i n g   t h e  

m i c r o p o r e s   f i l l e d   up  w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

.  The  p o r o u s   h o l l o w   f i b e r   p r e p a r e d   as  a b o v e   s h o w s  

s a t i s f a c t o r y   h y d r o p h i l i c   n a t u r e .  

The  s t r u c t u r e   of  the   p o r o u s   h o l l o w   f i b e r   a c c o r d i n g  

to  t h e   i n v e n t i o n   i s   d e s c r i b e d   more   in   d e t a i l   r e f e r r i n g  t o  

F i g s .   1  to  4 .  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of   a  p o r o u s   h o l l o w  

f i b e r   of  the   i n v e n t i o n .  

Each  of  F i g s .   2  to  4  i s   an  e n l a r g e d   v i e w   of  the   a r e a  

( m a r k e d   w i t h   X  in  F i g .   1)  on  t h e   o u t e r   s u r f a c e   of   t h e  

s o r r o u n d i n g   w a l l   of  e x a m p l e s   of   t h e   p o r o u s   h o l l o w   f i b e r  

a c c o r d i n g  t o   t he   p r e s e n t   i n v e n t i o n .  

As  shown  in   F i g .   2 , . a n   o u t e r   s u r f a c e   21  of  t he   s o r -  

r o u n d i n g   w a l l   o f   the   p o r o u s   h o l l o w   f i b e r   has   a  l a r g e  

n u m b e r   of  m i c r o p o r e s   22.  The  w a l l s   o f   t h e   m i c r o p o r e s   22  

a r e   c o a t e d   w i t h   a  l a y e r   of  e t h y l e n e   o x i d e - g r a f t e d   n y l o n  

23.  The  l a y e r   of  e t h y l e n e   o x i d e - g r a f t e d   n y l o n   may  b e  

p r o v i d e d   on  the   w h o l e   s u r f a c e   of   t he   o u t e r   s u r f a c e   of  t h e  

s o r r o u n d i n g   w a l l   of  t he   p o r o u s   h o l l o w   f i b e r .  



F i g .   3  shows   an  o u t e r   s u r f a c e   31  o f   t h e   s o r r o u n d i n g  

w a l l   of   t h e   p o r o u s   h o l l o w   f i b e r   h a v i n g   d i f f e r e n t   s t r u c -  

t u r e   f r o m   t h a t   of   t h e   f i b e r   shown   in   F i g .   2.  The  w a l l s  

o f   t h e   m i c r o p o r e s   32  a r e   c o a t e d   w i t h   a  l a y e r   of  e t h y l e n e  

o x i d e - g r a f t e d   n y l o n   33.  F u r t h e r ,   t h e   i n n e r   s u r f a c e   o f  

t h e   s u r r o u n d i n g   w a l l   i s   c o a t e d   w i t h   a  n o n - p o r o u s   l a y e r   o f  

e t h y l e n e   o x i d e - g r a f t e d   n y l o n   34.   The  l a y e r   of   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n   may  be  p r o v i d e d   on  t h e   w h o l e   s u r f a c e  

of   t h e   o u t e r   s u r f a c e   of   t h e   s o r r o u n d i n g   w a l l   of   t he   p o r -  

ous   h o l l o w   f i b e r .  

F i g .   4  shows   a  p o r o u s   h o l l o w   f i b e r   in   w h i c h   t h e  

m i c r o p o r e s   42  a r e   f i l l e d   up  o r   b l o c k e d   up  w i t h   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n   43.   The  l a y e r   o f   e t h y l e n e   o x i d e -  

g r a f t e d   n y l o n   may  be  p r o v i d e d   on  t h e   w h o l e   s u r f a c e   of   t h e  

o u t e r   s u r f a c e   of   t h e   s o r r o u n d i n g   w a l l   of   t h e   p o r o u s  

h o l l o w   f i b e r .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  i l l u s t r a t e d   by  t h e  

f o l l o w i n g   e x a m p l e s ,   b u t   t h e s e   e x a m p l e s   by  no  means   a r e  

c o n s t r u e d   to  r e s t r i c t   t he   i n v e n t i o n .  

E x a m p l e   1 

P o l y p r o p y l e n e   ( U B E - P P - J I 0 9 G ,   t r a d e   name ,   a v a i l a b l e  

f r o m   Ube  I n d u s t r i e s ,   L t d . ,   MFI  =  9  g / 1 0   m i n . )   was  s p u n  

u s i n g   a  n o z z l e   made  f o r   p r o d u c i n g   h o l l o w   f i b e r s ,   w h i c h  

was  e q u i p p e d   w i t h   a  gas   s u p p l i e r   t u b e   of   t h e   d i a m e t e r   o f  

33  mm  and   i n n e r   d i a m e t e r   o f   27  mm,  u n d e r   t h e   c o n d i t i o n s  

o f   t h e   s p i n n i n g   t e m p e r a t u r e   a t   200°C  and   t a k e - u p   s p e e d   o f  

1 1 6 m / m i n .   The  o b t a i n e d   p o l y p r o p y l e n e   h o l l o w   f i b e r   w a s  

h e a t - t r e a t e d   f o r   6  m i n u t e s   in   an  a i r   b a t h   h e a t e d   t o  

1 4 5 ° C ,   and   t h e n   t h e   f i b e r   was  d r a w n   in   l i q u i d   n i t r o g e n  

( a t   - 1 9 5 ° C )   to  g i v e   a  l e n g t h   o f   120  %  b a s e d   on  t he   i n i -  

t i a l   l e n g t h .   S u b s e q u e n t l y ,   t he   d r a w n   f i b e r   was  p l a c e d  

u n d e r   t h e   t e n s i o n   i n   t h e   a i r   b a t h   h e a t e d   a t   145°C  f o r   2 

m i n u t e s .  



Thus  t r e a t e d   h o l l o w   f i b e r   was  a g a i n   d r a w n   in   an  a i r  

a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  1450C  to  g i v e   a  l e n g t h   o f  

400  %  b a s e d   on  t h e   i n i t i a l   l e n g t h .   Then   the   d r a w n   f i b e r  

was  p l a c e d   u n d e r   t he   t e n s i o n   in   t h e   a i r   b a t h   h e a t e d   a t  
1450C  f o r   15  m i n u t e s   to  o b t a i n   a  p o r o u s   p o l y p r o p y l e n e  

h o l l o w   f i b e r .  

The  a v e r a g e   p o r e   d i a m e t e r   and  v o i d   r a t i o   m e a s u r e d   b y  

a  m e r c u r y   p o r o s i m e t e r   (POROSIMETRO  SERIES  1500   p r o d u c e d  

by  CARLOERBA  C o r p . ,   I t a l y )   were   0 . 5 5   um  and  7 5 . 2   %, 

r e s p e c t i v e l y .  

In  t he   p o r o u s   p o l y p r o p y l e n e   h o l l o w   f i b e r   o b t a i n e d   a s  

a b o v e ,   i t   was  o b s e r v e d   by  the   use   of   an  e l e c t r o n   m i c r o -  

s c o p e   t h a t   a  l a r g e   n u m b e r   of   m i c r o p o r e s   h a v i n g   a  r e l a -  

t i v e l y   l a r g e   s i z e   w e r e   f o r m e d   u n i f o r m l y   in   t he   s u r r o u n d -  

i n g   w a l l   and  t h o s e   m i c r o p o r e s   had   a l m o s t   t he   same  p o r e  
s i z e   as  e a c h   o t h e r .  

The  o u t e r   d i a m e t e r   and  i n n e r   d i a m e t e r   of   t h e   p o r o u s  

p o l y p r o p y l e n e   h o l l o w   f i b e r   w e r e   400  µm  and  300  µm, 

r e s p e c t i v e l y .  

I n d e p e n d e n t l y ,   n y l o n   6  ( U B E - N Y L O N - P 1 0 1 1 F ,   t r a d e  

name,   a v a i l a b l e   f r o m   Ube  I n d u s t r i e s ,   L t d . )   was  s u b j e c t e d  

to  g r a f t   p o l y m e r i z a t i o n   w i t h   e t h y l e n e   o x i d e   ( a v a i l a b l e  

f rom  J a p a n   C a t a l y s t   C h e m i c a l   I n d u s t r i e s ,   L t d . ,   b . p . :  
1 0 . 7 ° C )   by  the   c o n v e n t i o n a l   m e t h o d   to   p r e p a r e   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n .   The  e t h y l e n e   o x i d e - g r a f t e d   n y l o n  

was  d e t e r m i n e d   on  t h e   g r a f t   r a t i o   by  t h e   NMR  s p e c t r u m .  

The  g r a f t   r a t i o   t h e r e o f   was  4 . 7 6 .  

S u b s e q u e n t l y ,   t h e   p o r o u s   p o l y p r o p y l e n e   h o l l o w   f i b e r  

o b t a i n e d   as  a b o v e   was  f i r s t   d i p p e d   in   e t h y l   a l c o h o l ,   a n d  

t h e n   d i p p e d   in  e t h y l   a l c o h o l   s o l u t i o n   c o n t a i n i n g   3 %  o f  

c a l c i u m   c h l o r i d e   and  3 %  of  t he   e t h y l e n e   o x i d e - g r a f t e d  

n y l o n   p r e p a r e d   as  a b o v e .   T h e r e a f t e r ,   t h e   e t h y l e n e   o x i d e -  

g r a f t e d   n y l o n   was  s e p a r a t e d   ou t   f rom  t he   s o l u t i o n   so  a s  

to  be  d e p o s i t e d   on  t he   s u r f a c e   of  t he   p o r o u s   p o l y p r o p y l -  

ene  h o l l o w   f i b e r   by  a d d i t i o n   of  w a t e r .   Thus  t r e a t e d  



p o l y p r o p y l e n e   p o r o u s   h o l l o w   f i b e r   was  w a s h e d   w i t h   w a t e r  

and  t h e n   d r i e d .   T h u s ,   a  p o r o u s   h o l l o w   f i b e r   of   t h e  

i n v e n t i o n   was   o b t a i n e d .  

The  p o r o u s   h o l l o w   f i b e r   was  o b s e r v e d   on  t he   o u t e r  

and  i n n e r   s u r f a c e s   o f   t he   s u r r o u n d i n g   w a l l   and   t he   s e c -  
t i o n a l   p o r t i o n   o f   t h e   s u r r o u n d i n g   w a l l   by  e l e c t r o n  

m i c r o s c o p e .   As  a  r e s u l t ,   i t   was  c o n f i r m e d   t h a t   a  l a r g e  

n u m b e r   o f   m i c r o p o r e s   h a v i n g   a l m o s t   t h e   same  s i z e   as   t h a t  

o f   t he   p o r o u s   h o l l o w   f i b e r   p r e p a r e d   p r i o r   to  t h e   t r e a t -  

men t   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   we re   s u b s t a n t i a l l y  

k e p t   in   t h e   s u r r o u n d i n g   w a l l   o f   t h e   p o r o u s   h o l l o w   f i b e r  

w i t h o u t   b e i n g   f i l l e d   up  w i t h   e t h y l e n e   o x i d e - g r a f t e d  

n y l o n .  

The  a b o v e   p o r o u s   h o l l o w   f i b e r   was  m e a s u r e d   on  t h e  

a m o u n t   o f   w a t e r   p e r m e a t i o n   when   w a t e r   was  f i l t r a t e d   w i t h -  

o u t   b e i n g   s u b j e c t e d   to   p r e t r e a t m e n t   w i t h   t he   a l c o h o l   a n d  

t h e   l i k e .   The  a m o u n t   of   w a t e r   p e r m e a t i o n   was  28  
L / m i n · m 2 · a t m .  

C o m p a r i s o n   E x a m p l e   1 

W a t e r   was  t r i e d   to  be  f i l t r a t e d   u s i n g   t h e   p o r o u s  

p o l y p r o p y l e n e   h o l l o w   f i b e r   p r e p a r e d   in   E x a m p l e   1  b u t   w i t h  

no  t r e a t m e n t   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   and   n o  

p r e t r e a t m e n t   w i t h   t h e   a l c o h o l   and  t h e   l i k e ,   b u t   t h e  

a m o u n t   o f   w a t e r   p e r m e a t i o n   was  O. 

On  t h e   o t h e r   h a n d ,   t he   p o r o u s   p o l y p r o p y l e n e   h o l l o w  

f i b e r   was  s u b j e c t e d   to   t h e   h y d r o p h i l i c   t r e a t m e n t ,   a n d  

t h e n   w a t e r   was   f i l t r a t e d   u s i n g   t he   f i b e r .   The  a m o u n t   o f  

w a t e r   p e r m e a t i o n   was  25  L / m i n · m 2 · a t m .  

E x a m p l e   2 

The  p r o c e d u r e   of   E x a m p l e   1  was  r e p e a t e d   e x c e p t   f o r  

r e p e a t i n g   one  more   t i m e   t h e   p r o c e s s   c o m p r i s i n g   s t e p s   o f  



d i p p i n g   t h e   p o r o u s   h o l l o w   f i b e r   o b t a i n e d   in   E x a m p l e   1  i n  

a  s o l u t i o n   of   e t h y l e n e   o x i d e - g r a f t e d   n y l o n ,   s e p a r a t i n g  

ou t   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   f r o m   t h e   s o l u t i o n   u s i n g  

w a t e r ,   and  w a s h i n g   the   f i b e r   w i t h   w a t e r   and  d r y i n g ,   t o  

p r e p a r e   a  p o r o u s   h o l l o w   f i b e r .  

The  p o r o u s   h o l l o w   f i b e r   was  o b s e r v e d   on  t h e   o u t e r  

and  i n n e r   s u r f a c e s   o f   the   s u r r o u n d i n g   w a l l   and  the   s e c -  

t i o n a l   p o r t i o n   of   t h e   s u r r o u n d i n g   w a l l   by  an  e l e c t r o n  

m i c r o s c o p e .   As  a  r e s u l t ,   i t   was  c o n f i r m e d   t h a t   a  l a r g e  

n u m b e r   of   m i c r o p o r e s   h a v i n g   a l m o s t   t h e   same  s i z e   as  t h a t  

of  t h e   p o r o u s   h o l l o w   f i b e r   p r e p a r e d   p r i o r   to   t he   t r e a t -  

ment   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   were   s u b s t a n t i a l l y  

k e p t   on  t he   o u t e r   s u r f a c e   of  the   s u r r o u n d i n g   w a l l .   On 

the   i n n e r   s u r f a c e   of   the   s u r r o u n d i n g   w a l l   of   t he   p o r o u s  

h o l l o w   f i b e r   was  f o r m e d   a  n o n - p o r o u s   l a y e r   of   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n .  

The  p o r o u s   h o l l o w   f i b e r   was  m e a s u r e d   on  t h e  a m o u n t  

of  w a t e r   p e r m e a t i o n   when  w a t e r   was  f i l t r a t e d   u s i n g   t h e  

f i b e r   w i t h o u t   b e i n g   s u b j e c t e d   to  p r e t r e a t m e n t   w i t h   t h e  

a l c o h o l   and  t he   l i k e .   The  a m o u n t   of   w a t e r   p e r m e a t i o n   w a s  

0 . 3 5   l / m i n · m 2 · a t m .   F u r t h e r ,   when  p h y s i o l o g i c  s a l i n e   c o n -  

t a i n i n g   0 . 1  %   of   a l b u m i n   was  f i l t r a t e d   u s i n g   t h e   p o r o u s  
h o l l o w   f i b e r ,   a l b u m i n   n e v e r   p a s s e d   t h r o u g h   t h e   f i b e r .  



1.  In  a  p o r o u s   h o l l o w   f i b e r   h a v i n g   a  l a r g e   n u m b e r  

of   m i c r o p o r e s   in   i t s   s u r r o u n d i n g   w a l l ,   t h e   i m p r o v e m e n t   i n  

w h i c h   w a l l s   o f   s a i d   p o r e s   a r e   c o a t e d   w i t h   e t h y l e n e  

o x i d e - g r a f t e d   n y l o n .  

2.  The  p o r o u s   h o l l o w   f i b e r   as  c l a i m e d   in   c l a i m   1 ,  

w h e r e i n   o u t e r   and   i n n e r   s u r f a c e s   of   t h e   s u r r o u n d i n g   w a l l  

a r e   f u r t h e r   c o a t e d   w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

3.  The  p o r o u s   h o l l o w   f i b e r   as  c l a i m e d   in   c l a i m   1 ,  

w h e r e i n   a t   l e a s t   one  o f   o u t e r   and   i n n e r   s u r f a c e s   o f   t h e  

s u r r o u n d i n g   w a l l   i s   c o a t e d   w i t h   a  n o n - p o r o u s   l a y e r   o f  

e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

4.  The  p o r o u s   h o l l o w   f i b e r   as  c l a i m e d   in   c l a i m   1 ,  
w h e r e i n   s a i d   m i c r o p o r e s   i n   t h e   s u r r o u n d i n g   w a l l   a r e  

f i l l e d   up  w i t h   e t h y l e n e   o x i d e - g r a f t e d   n y l o n .  

5.  The  p o r o u s   h o l l o w   f i b e r   as  c l a i m e d   in   c l a i m   1 ,  

w h e r e i n   s a i d   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   c o n t a i n s   a t  

l e a s t   one  n y l o n   c o m p o n e n t   s e l e c t e d   f r o m   the   g r o u p   c o n -  

s i s t i n g   o f   n y l o n   6,  n y l o n   66  and   n y l o n   1 2 .  

6.  The  p o r o u s   h o l l o w   f i b e r   as  c l a i m e d   in   c l a i m   1 ,  

w h e r e i n   s a i d   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   h a s   a  g r a f t  

r a t i o   i n   t h e   r a n g e   of   1  to   10,   s a i d   g r a f t   r a t i o   b e i n g  

e x p r e s s e d   by  m o l a r   a m o u n t   o f   e t h y l e n e   o x i d e   p e r   1  m o l .   o f  

n y l o n .  



7.  The  p o r o u s   h o l l o w   f i b e r   as  c l a i m e d   in   c l a i m   1 ,  

w h e r e i n   s a i d   e t h y l e n e   o x i d e - g r a f t e d   n y l o n   has   a  g r a f t  

r a t i o   in   t he   r a n g e   of   3  to  6,  s a i d   g r a f t   r a t i o   b e i n g  

e x p r e s s e d   by  m o l a r   a m o u n t   of   e t h y l e n e   o x i d e   p e r   1  m o l .   o f  

n y l o n .  
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